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THE USE AND ABUSE OF VITAMINS IN THE TREATMENT OF MILD OR 
EARLY DEFICIENCY STATES 


No one could possibly question the use of 
vitamins in the treatment of frank vitamin 
deficiencies, or even in suspected deficiency 
states. Yet, one often wonders if the wide- 
spread use of vitamins in apparently healthy 
people, as practiced in this country today, 
is justified. 

In patients having a fullblown deficiency 
such as pellagra, beriberi, or scurvy, inten- 
sive vitamin therapy obviously is indicated 
atonce. Rarely does one see more spectacu- 
lar recoveries. Within twenty-four hours 
there is an improvement in the appetite and 
sense of well-being. After a week to ten 
days the patient, who may have been mori- 
bund on admission, has been restored to 
health. However, advanced deficiencies, as 
described above, are becoming less and less 
frequent and do not constitute a serious 
problem today. 

Less dramatic, but equally gratifying, is 
the response of the early or mildly deficient 
patient to treatment with specific vitamins, 
especially those of the B-complex. A 
marked improvement in appetite and sense 
of well-being frequently is noted; the tongue 
which usually feels to the patient sore and 
scalded rapidly becomes normal; the fissures 
in the corners of the mouth heal, and within 
a short period of time the patient feels like a 
new person. 

In patients with chronic wasting diseases, 
who may develop secondary deficiencies, or 
even in those people who have become run 
down from other causes, vitamin therapy is 
definitely indicated. Likewise, pre- and 
post-operative medical care has been greatly 
improved by the use of vitamins. Patients 
having serious liver damage have been mate- 
rially benefited by the parenteral adminis- 
tration of vitamins and in some instances 
such treatment has even been life-saving. 
Those subsisting for long periods of time 


upon restricted diets in the treatment of such 
disorders as peptic ulcer, allergic conditions, 
and obesity, also should be given vitamins. 

If vitamin therapy has been restricted to 
the types of patients described above, the 
question of the abuse of vitamins would 
never have arisen. Unfortunately, there are 
those who have argued that such vague 
symptoms as weakness and fatigability, 
nervousness, insomnia, irritability, ‘“‘gas,” or 
indefinite digestive disturbances may result 
from a vitamin deficiency, and therefore pa- 
tients having these complaints should receive 
the benefit of vitamin therapy, even though 
there is no definite evidence that a deficiency 
state actually exists. To make matters 
worse, it has been claimed that vitamin 
therapy must be continued over a period of 
months or as long as a year in order to be 
effective. 

Quite naturally those interested in the sale 
of vitamins have taken up the cry, and at 
almost any hour of the day, over the radio, 
one hears a discussion of these various symp- 
toms and is urged to take this or that vita- 
min preparation, regardless of the diet that 
has been consumed. As a result, the vita- 
min bill in this country last year was over 
$200,000,000, which obviously represents a 
great economic waste. 

Thus, the medical profession finds itself in 
a dilemma. On the one hand, the impor- 
tance of vitamins in the maintenance of 
health and strength must be emphasized. 
However, it is far more desirable to furnish 
these accessory food factors by an adequate 
diet rather than by the use of pills. In fact, 
an adequate diet is the only satisfactory 
means of providing a full vitamin intake. 
The necessity of vitamin therapy in the 
treatment of frank deficiency states, either 
mild or advanced, or in conditions such as 
described above, should be recognized by all. 
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On the other hand, it is the physician’s 
personal responsibility to prevent his pa- 
tients from becoming victims of needless and 
expensive vitamin therapy and to point out 
that vitamins are not a panacea for all hu- 
man ills. There are certain principles, which 
if intelligently followed, will enable one to 
steer a safe course between the horns of this 
dilemma. 

1. Vitamin therapy is definitely indicated in 
patients having objective evidence of a 
deficiency state, but should always sup- 
plement dietary treatment, never replace 
it. 

2. Vitamin therapy is useful in preventing 
the development of secondary deficiencies 
in chronic wasting diseases and pre- and 
post-operative medical care. 
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3. In the absence of organic disease, the indi- 
vidual who consumes a diet, adequate in 
calories, consisting of fruits, milk, eggs, 
a variety of meats, and green vegetables 
does not need additional vitamins. 

4. Vague symptoms such as weakness, fati- 
gability, insomnia, nervousness, and irri- 
tability, are more apt to be due to over- 
work, nervous tension, or to social, do- 
mestic, or financial difficulties than to a 
vitamin deficiency. 

5. For the most part, prolonged vitamin 
therapy in the absence of obvious disease 
is useless. 

JuLIAN M. Rurrin, M.D. 

Associate Professor of Medicine, Duke 
University School of Medicine, 
Durham, N. C. 


DIET AS A PREDISPOSING FACTOR IN RHEUMATIC FEVER 


Peete (Ann. Int. Med. 21, 44 (1944)) 
accumulated data on diet as a predisposing 
factor in rheumatic fever. He studied pa- 
tients with acute rheumatic fever and chronic 
rheumatic heart disease from the point of 
view of dietary deficiencies of vitamin D, 
calcium, and phosphorus. During a period 
of four years patients seen in both private 
practice and clinic, showing any signs of 
rheumatic fever or rheumatic heart disease, 
were instructed to take daily sun baths when 
possible and to include one quart of milk, 
one egg, and cod liver oil in the daily diet. 
He observed such a marked lowering of the 
incidence of recurrences of the disease that 
he undertook a survey of the dietary habits 
of similar patients before correcting their 
diets.’ Data on the diets of 50 patients, 
some in the acute and some in the chronic 
rheumatic state, were compared with similar 
data on the diets of 25 normal schoolchildren 
in a public school. 

The patient was instructed to indicate on 
a schedule the number of times per month 
he ate servings of specified foods. The 
number but not the amount of servings was 


obtained. Therefore, the diets were not 
subjected to quantitative analysis. Foods 
were grouped in the following categories: 
milk, eggs, fresh meat, bacon, cheese, butter, 
green vegetables, starch vegetables, citrus 
fruits, other fruits, and starches. The last 
item included bread, cereals, macaroni, 
spaghetti, candy, crackers, cookies, and 
desserts. The data are presented in the 
form of a block diagram and indicate that 
the patients with rheumatic disease con- 
sumed much less milk, fresh meat, and green 
vegetables, slightly less eggs, cheese, citrus 
fruits, and other fruits than did the normal 
children. The rheumatic patients consumed 
many more starchy vegetables and other 
starchy foods. 

Peete reached the conclusion that the av- 
erage diet of the patient with rheumatic fever 
and chronic rheumatic heart disease is low 
in those foods that supply vitamins A and D 
and the minerals, especially calcium, phos- 
phorus, and iron. He noted also that the 
diets of the rheumatic patients were defi- 
cient in proteins and contained an excess of 
starchy foods and refined sugars. If it is 
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assumed that the caloric intake of the rheu- 
matic patients was comparable with that of 
the normal children, it can be concluded that 
the patients obtained a greater number of 
calories from starchy foods and refined sugars 
and, therefore, the intake of the B-complex 
vitamins was less for the patients than for 
the normal children. However, the author 
does not reach the conclusion that the diets 
of the patients were deficient in vitamins of 
the B-complex. The chronically ill patient 
is prone to develop abnormal dietary habits. 
Evaluation of the dietary habits of the pa- 
tient prior to onset of the disease would have 
been an important contribution to the study. 

Socio-economic factors were considered. 
Peete observed that the average number in 
the families of 75 rheumatic patients was 
7.5 members per family. However, he be- 
lieved that socio-economic status was not 
the sole factor, for among his patients some 
people with adequate incomes were subsist- 
ing on impoverished diets. Peete analyzed 
statistics of the United States Department 
of Commerce on the incidence of deaths from 
acute rheumatic fever, chronic rheumatic 
heart disease, and pellagra and compared 
these data with statistics of the Bureau of 
Agricultural Economics on percentages of 
farms with milch cows and hogs. From the 
accumulated statistics it appeared that the 
incidence of acute rheumatic fever and 
chronic rheumatic heart disease is less in the 
regions where there are greater numbers of 
milch cows and hogs. However, the author 
did not emphasize the fact that the regions 
having more livestock are also the regions 
having less density of population, and there- 
fore, providing less opportunity for spread 
of respiratory infections. Nevertheless, the 
correlation is an interesting one. 

The author was impressed by the accelera- 
tion in the downward trend of the death rate 
from both rheumatic fever and tuberculosis 
after the discovery of the cause of rickets. 
There is the possibility that preventive meas- 
ures taken to lower the incidence of rickets, 
in addition to the public health measures 
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instituted to control tuberculosis, have been 
responsible for the lowering of the death rate 
from rheumatic fever. Consideration was 
given to the similarity between rheumatic 
fever and rickets not only in their social 
incidence and geographic distribution but 
also in the close relation between the tissues 
involved in the two diseases. Rheumatic 
fever involves primarily the mesodermal or 
the connective tissue of the body, whereas 
rickets involves the cartilage and bone which 
are derived from connective tissue. Peete 
has studied patients with consideration of 
signs of previous disturbances in mineral 
metabolism, i.e., dental caries, scoliosis, 
flaring of the ribs, thoracic deformities 
known to be acquired, bow legs, and knock 
knees. He has observed that many rheu- 
matic patients show at least one of these 
signs and some show evidence of several such 
disturbances. He concludes from his sev- 
eral observations and dietary surveys that 
poor diets and lack of exposure to sunshine, 
with the socio-economic implications of 
these deficiencies, are the most important 
predisposing factors in the causation of acute 
rheumatic fever. Adequate amounts of 
vitamins A and D, milk, proteins, and the 
value of sun bathing were especially empha- 
sized in the prevention of rheumatic disease 
and its sequelae. 

One may not accept the degree of impor- 
tance which Peete has attributed to the 
nutritional status of vitamin D in causation 
of susceptibility to rheumatic fever and rheu- 
matic heart disease, for it is likely that the 
total nutritional status has a more important 
bearing in resistance to primary infectious 
diseases and development of immune reac- 
tions. It has not been conclusively demon- 
strated that susceptibility to primary 
bacterial and virus diseases is increased in 
the nonimmune person by nutritional defi- 
ciency disease. However, there is general 
clinical acceptance of the opinion that good 
nutritional status is of distinct advantage to 
the patient for withstanding ravages of 
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disease and its complications. It is a com- 
mon clinical observation that patients who 
have good nutritional status are better opera- 
tive risks than patients who are mal- 
nourished. 
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In considerations of nutritional status and 
disease, factors affecting resistance or im- 
munity to disease must be clearly differen- 
tiated from factors affecting resistance to 
trauma of disease. 


DISTILLATION BY-PRODUCTS AS ANIMAL FEEDS 


The increase in alcohol production attend- 
ing the industrial war program has resulted 
in a large increase in the production of 
distillers’ by-products available as _live- 
stock feeds. This supply of feedstuffs is 
important not only because of otherwise 
short supplies of feeds for our animal 
population, but because these by-products 
are apparently good sources of some of the 
nutrients otherwise deficient or lacking in 
many common feedstuffs. 

A number of types of fermentation by- 
products are on the feedstuffs market 
today. These differ somewhat, depending 
on the type of material used in the fermen- 
tation, the type of fermentation itself, and 
the treatment given the material after 
fermentation. Corn, wheat, and molasses 
are in common use as source materials. In 
grains, the solid residues are separated from 
the stillage by screening, and then dried to 
produce distillers’ dried grains. These have 
been used, mainly in dairy feeds, for many 
years. The remaining stillage may be 
handled in different ways. The fine sus- 
pended solids may be separated from the 
liquid fraction by centrifugation, the clarified 
stillage concentrated by vacuum evapo- 
ration, and ultimately dried to produce 
distillers’ dried solubles. The entire stillage, 
liquid fraction + suspended solids, may be 
evaporated and dried to produce dried 
solubles, or in some cases merely concen- 
trated by vacuum evaporation to produce 
solubles which are marketed in a semisolid 
form. When molasses is used in the 
fermentation, the problem of drying the 
solubles is somewhat more difficult than in 
the grains. This difficulty may be overcome 


by drying the solubles, after concentration 
on some suitable material, preferably one 
which is already in common use as a feed- 
stuff. Grain solubles are sometimes added 
to the distillers’ dried grains and marketed 
as dried grains with solubles added. 

Distillers’ solubles were formerly a waste 
product of the industry. Conservation laws 
prohibiting stream pollution, however, forced 
the industry, within the past five years, 
to seek other means of disposal of this 
material, and led to the development of 
processing methods to yield products which 
are acceptable and useful to the feedstuff 
trade. The nutritive value of these prod- 
ucts seems to be well established. Owing 
to their bulk, the dried grains are well 
adapted for feeding cattle. The solubles 
may serve as important sources of water 
soluble vitamins for poultry, swine, calves, 
and dogs. 

The nutrient content of alcohol fermen- 
tation by-products from corn has been 
reported by Bauernfeind and associates 
(Ind. Eng. Chem. 36, 76 (1944)). These 
authors report the protein content of both 
the solubles and grains as being about 
30 per cent. It is estimated that the dried 
soluble grain yeast concentrate from corn 
contains approximately 20 per cent of yeast, 
and as a source of riboflavin it compares 
well with dried skim milk. It contains 
more thiamin, niacin, and biotin and slightly 
less pantothenic acid than dried skim milk. 
As determined by the growth of chicks, 
8 per cent of corn distillers’ dried solubles 
produced a growth response similar to that 
obtained by solubilized liver. However, 
chicks which received the liver had a higher 
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hemoglobin level and a better feather ap- 
pearance than those fed the distillers’ 
by-product. The fat soluble vitamin con- 
tent of dried corn solubles is relatively low. 
The protein of this product is probably not 
biologically complete but it has, undoubt- 
edly, a definite supplementary value. The 
mineral content of dried corn solubles is 
somewhat higher than corn, but they are 
subject to the same limitations as corn. 
Corn distillers’ dried grains are bulky and 
are thus well suited for cattle. They are 
rich in protein and fat, but low in water 
soluble factors. The addition of solubles to 
the dried grains improves the product from 
this viewpoint. 

A variable mash bill (composition of 
mash), incorporating corn at one extreme 
and wheat at the other, produces fermen- 
tation by-products of a somewhat variable 
composition. Wheat distillers’ by-products, 
however, have the same approximate vi- 
tamin content (excluding the carotenoids) 
as the corn products, but have a higher 
protein content and less fat. 

Studies of the nutritive value of corn 
distillers’ by-products for poultry have been 
reported by a number of workers. These 
reports have been summarized by Bauern- 
feind and Boruff (Am. Miller 72, no. 1, 
p. 182; no. 2, p. 58; no. 3, p. 50 (1944)). 
It is apparent that dried corn solubles are 
suitable for poultry in amounts from 2 to 5 
per cent of the ration. Their suitability has 
been demonstrated for chick starting rations, 
growing rations, and for egg production and 
hatchability. The results obtained are, in 
general, comparable to those obtained with 
skim milk. Growth, fleshing, feather de- 
velopment, leg coloring, hatchability, and 
food utilization indicate that corn dried 
grains may replace part of the cereal grains 
in a poultry ration. It is apparent that 
large amounts of both corn solubles and 
dried grains may possess laxative effects for 
poultry, but this disturbance is not evident 
at the levels usually fed. Wheat distillers’ 
dried solubles have given as satisfactory 
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results as the corn product in practical 
poultry rations. Although other factors 
may be contributed to the ration, riboflavin 
is one of the chief attributes of distillation 
by-products for poultry. 

Fairbanks, Krider, and Carroll (J. Animal 
Sct. 3, 29 (1944)) and Krider, Fairbanks, 
and Carroll (Ibid. 3, 107 (1944)) have 
reported experiments which demonstrate the 
value of distillers’ by-products for growing 
pigs. A basal ration made up of corn, 
wheat, flour middlings, soybean meal, tank- 
age, fish meal, minerals, and cod liver oil 
was found to be inadequate for growing 
pigs, and was greatly improved by the 
addition of either 6 per cent of dried corn 
distillers’ solubles or 12 per cent of corn 
distillers’ dried grains. Pigs fed the forti- 
fied rations up to weaning time, and then 
changed to the basal ration, showed a 
carry-over or residual effect of factors 
supplied by the supplemented ration. 

The fortification of a basal lactation 
ration with 6 per cent of distillers’ dried 
solubles did not result in measurable dif- 
ferences in either sows or pigs up to weaning 
time. However, during the growing-fat- 
tening period, supplements of 6 per cent of 
solubles or alfalfa meal improved the ration 
toa marked degree. With both sows and pigs 
receiving the basal ration, only 50 per cent of 
the pigs survived. Ninety-four per cent of 
the pigs survived when the basal ration was 
supplemented with 6 per cent of dried 
solubles. The factors involved in the im- 
provement of these swine rations are un- 
known. Apparently known vitamin factors 
are not involved or are not available to the 
pig in common feed mixtures. It is ap- 
parent, however, that such factors are 
supplied, at least in part, by corn distillers’ 
solubles and dried grains. 

The feeding of distillers’ dried grains to 
cattle is a long-accepted practice. Such 
products are economical for dairy cattle 
and under certain conditions may be used 
in steer feeding. The feeding of wet 
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stillage to both of these classes of livestock 
is not a new practice. However, when such 
stillage comprises a high proportion of the 
food intake, vitamin A deficiency must be 
avoided by the use of a good roughage or 
fish oils. 

The 1943 production of distillers’ dried 
grains was over twice that for the year 


One of the most fruitful fields of investi- 
gation in recent years has been that of the 
metabolic relationship of such compounds 
as methionine, cystine, choline, and creatine 
and the roles which they play in intermediate 
metabolism. The results of the researches 
in this field are of interest not only to the 
biochemist and the physiologist but to the 
nutritionist as well. A single substance in 
the diet may replace or spare several others 
and the level of any one which is necessary 
for dietary adequacy is determined by the 
presence and abundance of these related 
compounds. 

A metabolic relationship between choline 
and methionine was indicated by the dis- 
covery of du Vigneaud, Chandler, Moyer, 
and Keppel (J. Biol. Chem. 131, 57 (1939)), 
that methionine deficient rats can utilize 
homocystine for growth when choline is 
present in the diet. From the structure of 
these compounds it appeared that the chemi- 
cal reaction involved was one of transmeth- 
ylation—the transfer of a methyl group from 
choline to homocystine to form methionine. 
It has since been established that trans- 
methylation is a general metabolic process. 
Du Vigneaud and co-workers (Jbid. 140, 
625 (1941)) demonstrated that the methyla- 
tion of homocysteine to methionine is re- 
versible and the methionine can serve as a 
precursor of choline by donating methyl 
groups to ethanolamine. They showed, also, 
that methionine may donate a methyl group 
to guanidoacetic acid to form creatine. This 
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1938. Distillers’ dried solubles for the 
feedstuffs trade were first produced in 1939. 
In 1943 the production of solubles was 
approximately 28,000 tons. Unlimited sup- 
plies of these materials will never be availa- 
ble, but it appears that they will be valuable 
components of the types of rations in which 
high nutritive quality is required. 


latter reaction appears not to be reversible. 
Since guanidoacetic acid may be formed from 
arginine and glycine (Bloch and Schoenheimer, 
Ibid. 138, 167 (1941)), creatine synthesis in 
the body can now be completely visualized. 
Our knowledge of the metabolic synthesis 
of choline was further advanced by the work 
of Stetten, who showed, by the use of isotopes 
that the necessary ethanolamine may arise 
from glycine (Ibid. 140, 143 (1941)) or from 
serine (Ibid. 144, 501 (1942)). 

‘Although it was known from the earlier 
work of Tarver and Schmidt (/bid. 130, 
67 (1939)) and others that cystine could be 
formed metabolically from methionine, the 
exact mechanism was not clear. It now ap- 
pears that there is a close connection between 
this process and those governing the forma- 
tion of choline and creatine. The work of 
du Vigneaud, Brown, and Chandler (Jbid. 
143, 59 (1942)) and Binkley and du Vigneaud 
(Ibid. 144, 507 (1942)) indicates that the 
demethylated portion of the methionine 
molecule may couple with serine to form a 
mixed thioether and ‘that the subsequent 
cleavage of this thioether yields the reduced 
form of cystine as one product. These 
reactions may be visualized as follows: 


Methionine ——>Methyl + Homocysteine 
Homocysteine + Serine —— Thioether 
Thioether —— Cysteine —— Cystine 


The coupling of homocysteine with serine to 
yield the thioether appears to be irreversible. 
The story of choline, methionine, creatine, 
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and cystine may be summarized as follows: 
(1) ethanolamine is formed from glycine or 
serine, (2) guanidoacetic acid is formed from 
arginine and glycine, (3) methionine may 
methylate ethanolamine to form choline 
(a reversible reaction), or (4) may methylate 
guanidoacetic acid to form creatine (an ir- 
reversible reaction) and (5) homocysteine 
(demethylated methionine) reacts (irrevers- 
ibly) with serine to form a thioether, which 
yields cystine (through cysteine). 

These metabolic reactions are of consider- 
able importance from the point of view of 
nutrition. No diet can be considered low 
in choline or creatine unless methionine- 
containing proteins also are restricted. (The- 
oretically it should be possible to achieve 
the same end by limiting the dietary intake 
of ethanolamine or guanidoacetic acid and 
their precursors. This has not been accom- 
plished in practice. If transmethylation 
could be blocked, one might obtain a state 
of choline deficiency in the presence of 
methionine, but this also has not been 
achieved.) On the other hand, it is quite 
possible to have a methionine-deficient diet in 
the presence of excess cystine, creatine, or cho- 
line. Cystine and creatine cannot replace 
methionine because the chemical reactions 
mentioned in the previous paragraph are 
irreversible. Excess choline in a methionine- 
deficient diet does not replace this amino 
acid because of the absence of homocystine 
in most diets. 

Two compounds, closely related struc- 
turally to choline, have been of value in 
studying the role played by choline in animal 
nutrition and physiology. These compounds 
are betaine and arsenocholine. Betaine dif- 
fers from choline by the replacement of the 
terminal alcohol group by a carboxy! group 
and the loss of water to form an anhydride. 
Arsenocholine differs from choline in that it 
has arsenic in place of nitrogen. 

Best and Huntsman (J. Physiol. 75, 405 
(1932)) showed that betaine could replace 
choline in the prevention and cure of fatty 
livers. Du Vigneaud, Chandler, Moyer, and. 
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Keppel (J. Biol. Chem. 131, 57 (1939)) dem- 
onstrated the effectiveness of betaine in 
making homocystine a dietary substitute 
for methionine, and Griffith and Mulford 
(J. Am. Chem. Soc. 63, 929 (1941)) showed 
that it would prevent hemorrhagic degenera- 
tion of the kidneys. It was generally as- 
sumed that betaine was effective because 
of its direct reduction to choline but Stetten 
has presented strong evidence to indicate 
that the major route whereby the animal 
handles betaine is demethylation to glycine 
and that its activity is ascribable to its role 
as a donor of methyl groups. As a methylat- 
ing agent it is able to form methionine from 
homocysteine and choline from ethanolamine. 
All of these investigators used the rat as the 
experimental animal. 

Welch (J. Biol. Chem. 137, 173 (1941)) in- 
troduced the arsenic analogue of choline and 
showed it to be active in the biosynthesis 
of phospholipids in the rat or mouse. 
The arsenic served to “tag” the mole- 
cule. Arsenocholine proved to be capable 
of replacing choline in so far as its lipo- 
tropic activity is concerned, but was found 
to be inactive as a donor of methyl 
groups (Moyer and du Vigneaud, Jbid. 
143, 373 (1942)). Welch and Landau (/bid. 
144, 581 (1942)) presented further evidence 
that arsenocholine enters into the synthesis 
of phospholipids as a structural component 
replacing choline. They also suggested that 
the intact molecule of choline, rather than 
its labile methyl groups, is responsible for 
its lipotropic action. 

The importance of choline in the nutrition 
of the chick was indicated by the work of 
Abbott and deMasters who reported (J. 
Nutrition 19, 47 (1940)) that a choline de- 
ficiency decreases egg production, causes 
abortion of egg yoiks, and induces a high 
mortality rate, and by Jukes (J. Biol. Chem. 
134, 789 (1940)), who showed that choline 
is necessary for growth of chicks and young 
turkeys and that it prevents perosis or 
“slipped tendons” in these birds. 

When the study of compounds related to 
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choline was carried to the chick or poult, a 
number of metabolic differences between the 
bird and the rat were discovered. It was 
found that methionine cannot replace choline 
for chicks (Jukes, J. Nutrition 22, 315 (1941); 
Record and Bethke, Poultry Sci. 21, 271 
(1942)) or poults (Jukes, Ibid. 20, 251 (1941)) 
presumably because of its failure to act as a 
donor of metliyl groups. The value of betaine 
in the bird has been somewhat controversial. 
McGinnis, Norris, and Heuser (Proc. Soc. Exp. 
Biol. Med. 61, 293 (1942)) reported that it 
was effective in promoting growth, prevent- 
ing perosis, and reducing mortality in chicks, 
while Jukes and Welch (J. Biol. Chem. 146, 
19 (1942)), using a different diet, found it 
to have a slight growth-promoting activity, 
put to be ineffective in preventing perosis. 
Jukes and Welch found arsenocholine, on 


_ the other hand, to be an effective antiperotic 


agent. 

Almquist and Grau (J. Nutrition 27, 263 
(1944)) have presented evidence in support 
of the view that betaine is itself physiologi- 
cally important to the chick. They conclude 
that betaine (or methionine) is capable of 
assuming a certain portion of the functions 
of choline and that arsenocholine is capable 
of assuming the remainder of the choline 
functions in the chick. An earlier report 
by Grau and Almquist (/bid. 26, 631 (1943)) 
is supplementary and the two will be con- 
sidered together. 

Chicks were maintained on a low-choline 
diet for sixteen to twenty-one days from 
hatching to deplete them of choline. After 
the depletion period the chicks, which showed 
a high incidence of incipient perosis, were 
banded, weighed, and segregated into groups 
of three or four, carefully selected for weight 
gain and vigor. These choline-depleted 
chicks were then fed a synthetic-type diet in 
which the protein was one isolated from soy- 
beans, of known low methionine and cystine 
content (0.25 and 1.5 per cent, respectively). 
The compounds to be tested were incorpo- 
rated in this diet singly or with one or more 
other compounds and each experiment lasted 
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one week. Weight gains were recorded and 
are reported as average per cent gains per 
day. 

The experimental diet contained inade- 
quate amounts of choline and of cystine and 
methionine. The limiting factor for growth 
proved to be the sulfur-containing amino 
acids despite the choline-deficiency state of 
the chicks. The growth rate on the unsup- 
plemented experimental diet was 1.2 per 
cent per day and it was not increased by the 
addition of choline alone. Cystine or homo- 
cystine increased the growth rate of the ex- 
perimental diet to about 2.0 per cent per day, 
and if both were added together there was 
no further stimulation of growth. It appears, 
therefore, that homocystine can be converted 
to cystine in the chick, as in the rat. Sup- 
plementary methionine with or without the 
other sulfur-containing amino acids brought 
the growth rate to 4.3 per cent per day. 
From this it is evident that methionine com- 
pletely replaces cystine and adds a growth 
effect not obtainable by cystine and homo- 
cystine. The effect of choline with cystine, 
with methionine, and with homocystine must 
be considered separately. With cystine, 
choline brought the growth rate to 4.0 per 
cent. With methionine or homocystine, how- 
ever, the growth rate was increased to about 
6.3 per cent which compares well with 7.5 per 
cent per day on a practical ration. From 
these experiments, two additional facts 
emerge: (1) the growth effects of choline and 
of methionine are distinct from each other 
and are additive and (2) homocystine can 
replace methionine in the presence of choline. 
It is to be presumed that this replacement is 
possible because choline methylates homo- 
cysteine to form methionine, as in the rat. 
The failure of methionine to replace choline 
distinguishes the chick from the rat and con- 
firms the earlier work of other investigators. 

Betaine, when given with the experimental 
diet as the only supplement, had little or 
no growth-promoting effect. This result 
was to be expected since the first growth- 
limiting deficiency is one of the sulfur-con- 
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taining amino acids. When homocystine or 
cystine was supplied, however, betaine almost 
completely took the place of methionine. 
This is indicated by a growth rate of 3.4 per 
cent and of 4.1 per cent respectively, when 
betaine was given with cystine and with 
homocystine. Arsenocholine with cystine or 
homocystine gave a growth rate of about 4.0 
per cent per day, and betaine, homocystine, 
and arsenocholine together one of 6.6 per 
cent per day. 

Almquist and Grau, in discussing these 
data, present the concept that betaine (or 
methionine) provides growth-promoting ef- 
fect B (betaine effect), that arsenocholine 
provides growth-promoting effect A (arseno- 
choline effect), and that choline provides both 
effects. It is stated that each effect is un- 
doubtedly multiple in nature. The authors 


Several characteristics of the Syrian 
hamster suggest its possible suitability as 
a laboratory animal. Its mature weight 
rarely exceeds 135 g., the period of rapid 
growth is short, and its food consumption is 
less than that of the rat. The hamster has 
already been found useful in the study of 
human virus diseases, and there are in- 
dications that it may prove to be of value in 
nutritional studies as well. Reports con- 
cerning its dietary requirements have ap- 
peared from three different laboratories 
within the past few years. 

Routh and Houchin (Federation Pro- 
ceedings 1, 191 (1942)) reported on five 
vitamins of the B-complex. They found 
thiamin, riboflavin, pyridoxine, pantothenic 
acid, and niacin each to be essential for the 
growth of the hamster. Polyneuritis de- 
veloped in these animals within twelve days 
on a thiamin deficient diet. Three micro- 
grams of thiamin daily by the oral route 
cured the polyneuritis within two days and 
produced good growth. Riboflavin defi- 
ciency caused loss of weight and death 
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postulate further that betaine is physiologi- 
cally important to the chick and suggest that 
betaine may be formed in the chick from 
choline or methionine. 

A combination of arsenocholine, betaine, 
and cystine was not tested in the absence of 
homocystine. As in the simpler case of 
betaine + cystine, synthesis of methionine 
by transmethylation would appear to be 
impossible because of the lack of homocystine. 
Attainment of maximal growth with such a 
combination therefore would give further 
support to the postulate that betaine as such 
has physiologic importance. This is never- 
theless a most interesting and inviting hy- 
pothesis and will undoubtedly stimulate 
further investigation both in the chick and 
in other species of animals. 


within twenty days, with dermatitis around 
the mouth and diarrhea occurring in some of 
the deficient animals. With daily oral 
doses of 4 micrograms of riboflavin the 
deficiency signs disappeared and growth was 
resumed. A deficiency of pyridoxine caused 
an acrodynia-like dermatitis around the 
mouth after twelve days and loss of weight 
and death within twenty-four days. Three 
micrograms of pyridoxine daily cured the 
dermatitis in ten days and produced mod- 
erate growth. On a pantothenic acid 
deficient diet, a red encrustation appeared 
about the mouth, there was loss of weight, 
and death ensued within twenty days. More 
than 15 micrograms of pantothenic acid 
daily were necessary for growth. Niacin 
deficiency was manifested by rough, stringy 
fur, alopecia, and an abnormal mouth 
condition. Loss of weight and death fol- 
lowed. Most of the deficiency signs dis- 
appeared when 100 micrograms of niacin 
were given daily. 

Cooperman, Waisman, and Elvehjem 
(Proc. Soc. Exp. Biol. Med. 62, 250 (1943)) 
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studied the requirements of the hamster for 
several of the water soluble vitamins. They 
were unable to confirm the findings of 
Routh and Houchin that niacin is a dietary 
essential for this species but found indica- 
tions of a need for biotin and also for p- 
aminobenzoic acid or inositol or both. 
Animals receiving a purified diet with a 
supplement of thiamin, riboflavin, pyri- 
doxine, pantothenic acid, niacin, ascorbic 
acid, p-aminobenzoic acid, inositol, choline, 
and a biotin concentrate grew well and 
developed to maturity. A few females 
were carried through reproduction with 
fair success. No diminution in growth rate 
and no deficiency signs were observed when 
niacin and ascorbic acid were omitted from 
the supplement. Biotin deficient animals 
developed a characteristic dermatitis at the 
corners of the mouth, the growth rate was 
distinctly subnormal, and a number of the 
animals died between the third and fifth 
week of the experiment. If the animals 
lived beyond six weeks, the dermatitis 
became fairly extensive. When biotin was 
given but p-aminobenzoic and inositol were 
withheld, the animals “did poorly” and 
one-third to one-half died within four weeks. 
Whether the deficiency signs resulted from a 
lack of both substances or of one alone was 
not determined. Thiamin, riboflavin, pyr- 
idoxine, pantothenic acid, and choline were 
given to all the experimental animals and 
the authors drew no conclusions as to the 
essential nature of these factors. 

The results presented by Hamilton and 
Hogan (J. Nutrition 27, 213 (1944)) con- 
cerning the growth requirements of the 
hamster are only partially in agreement 
with those of the other two groups of in- 
vestigators. They found thiamin, ribofla- 
vin, pyridoxine, and pantothenic acid to be 
essential but could find no evidence of a 
need for niacin, biotin, inositol, or p-ami- 
nobenzoic acid. They added vitamin E, 
vitamin K, and choline to the list of vitamins 
investigated and reported that of these, 
vitamins E and K are essential. 
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On vitamin E deficient diets, the growth 
rate of the hamsters was normal at first, 
then gradually declined. Of 28 animals on 
experiment, all collapsed. Six were treated 
and recovered and the other 22 died. Until 
less than two hours before death slow gain 
or loss of weight was the only deficiency 
sign. During the terminal period the ani- 
mals became unusually active and began to 
run about the cage, jump in the air, roll 
over, and bite themselves. They showed a 
lack of coordination and a violent reaction 
to external stimuli such as touch or noise. 
There was a copious flow of saliva. The 
intensity of these manifestations increased 
and about an hour before death the animals 
collapsed and lay in a stupor. Seven of 
them were treated in this final stage, each 
with 5 mg. of alpha-tocopherol. One died 
within a few minutes but the other 6 made 
spectacular recoveries and were able to move 
about the cage within an hour. 

The animals on vitamin K deficient diets 
showed a period of arrested growth between 


_the third and seventh week of the experi- 


ment. They became thin and presented an 
unthrifty appearance, and at this stage 
3 representative animals showed a con- 
siderable number of small hemorrhagic areas 
in the muscles, subcutaneous tissues, and in 
the lining of the abdominal cavity. Free 
blood was found in the sinuses. The ani- 
mals so affected showed a spontaneous and 
uneventful recovery. The authors suggest 
that this spontaneous recovery is explainable 
on the basis of the establishment of an 
intestinal flora which is able to synthesize 
vitamin K. 

Hamilton and Hogan also studied the 
requirements of the hamster for reproduction 
and lactation. They found inositol to be 
necessary for the delivery of living young, 
and niacin and choline necessary for suc- 
cessful lactation. Some evidence for the 
need of biotin and p-aminobenzoic acid was 
obtained but the authors consider it in- 
sufficient to allow definite conclusions to be 
drawn. On inositol deficient diets several 
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females died during or shortly after par- 
turition with one or more decomposed 
embryos in the uterus. Of 25 litters, 20 
were stillbirths. It is assumed by the 
authors that the 5 females which bore 
living young had been insufficiently depleted 
of the inositol reserves. When either choline 
or niacin was omitted from the breeding 
diets, small but apparently normal litters 
were born. Most of the young, however, 
died within one week. Females given 
vitamins A, D, E, and K, thiamin, ribo- 
flavin, pyridoxine, pantothenic acid, niacin, 


IMPROVEMENT IN DENTITION 


While the precise role of diet in de- 
termining tooth structure and resistance 
to caries remains to be defined, the im- 
portance of nutritional factors as controlling 
predisposing causes of dental disease has 
gained increasing acceptance. Some of the 
more recent observations supporting this 
opinion have already been reviewed (Nu- 
trition Reviews 1, 5 (1942); 2, 35 (1944)). 
Much of the interest, and at times con- 
troversy, in this field has been stimulated by 
the investigations in the laboratory and on 
children which have been carried on by 
Mellanby since 1917. 

Mellanby and Coumoulos (Brit. Med. 
J. 1, 837 (1944)) report a definite im- 
provement in the tooth structure and a 
definite decrease in the incidence of caries in 
a group of 5 year old London schoolchildren 
examined in a large scale survey in 1943, as 
compared to a similar group examined by the 
same methods in 1929. They discuss the 
evidence for believing that the improvement 
may be attributed largely to changes in 
eating habits which have been developing in 
recent years. 


The examinations were conducted in 


London County Council Schools in the 
same neighborhood in both periods. Un- 
selected 5 year old children were examined, 
as these children had not come under the 
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choline, inositol, biotin, and p-aminobenzoic 
acid usually bore one litter but few bore a 
second. From this fact the authors con- 
clude that hamsters require at least one 
unrecognized vitamin for reproduction. 

No explanation is at hand for the dis- 
crepancies between the results of the three 
groups of investigators. Hamilton and 
Hogan suggest that the basis may be found 
in the interrelationships between p-ami- 
nobenzoic acid, inositol, biotin, and vitamin 
K in determining the rate at which vitamins 
are synthesized in the intestinal tract. 


OF LONDON SCHOOLCHILDREN 


full influence of the school dental service. 
The surface structure of the enamel, with 
degrees of M-hypoplasia classified in three 
grades, and presence and extent of caries, as 
revealed by probe and mirror examination, 
were recorded uniformly for each period. 
Over 1600 children were examined in 1943 
and about 1300 in 1929. 

The surface structure had been classified 
as very defective in 58 per cent of the 
children in 1929, as contrasted with 33 per 
cent in 1943. In 1943, 47 per cent showed 
some M-hypoplasia as contrasted to 34 per 
cent in 1929, and the numbers showing 
slight defects were 18 per cent in 1943 
compared to 8 per cent in 1929. None of 
the children in the first period and only 
1 per cent in the second period had a full 
complement of perfectly calcified teeth. 
The differences with respect to the incidence 
and degree of dental caries were more 
striking. The percentage of children with 
no tooth decay was 22 per cent in 1943, 
5 per cent in 1929. Only 29 per cent showed 
much caries in 1943 as contrasted with 63 
per cent in 1929; of those in this category, 
only 6 per cent of the 1943 children fell into 
the very bad caries group, as compared with 
54 per cent of the 1929 children. In both of 
the investigations the amount of caries 
varied considerably from one school to 
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another. When the schools were classified 
according to their level in the social scale, in 
1943 there was distinctly less caries in the 
highest grade than in the other three grades, 
which differed little among themselves. In 
1929 there was a tendency for the incidence 
of caries to increase from the better to the 
poorer schools. 

The picture of a general improvement in 
deciduous tooth structure and a decrease in 
the occurrence and degree of caries in the 
deciduous teeth in the fourteen year interval 
between these examinations is unequivocal. 
The case for attributing this improvement to 
bettering of the diet rests on changes in 
food habits which have increased the intake 
of calcium, phosphorus, and vitamin D. 
On the basis of animal and clinical in- 
vestigation, Mellanby believes these are the 
most important dietary factors affecting 
tooth structure and retarding the onset and 
spread of dental caries (Med. Res. Council 
Special Report Ser., no. 140 (1929); no. 
153 (1930); no. 191 (1934)). Government 
efforts to improve the nutrition of pregnant 
women, infants, and young children through 
advice in prenatal and infant hygiene clinics 
have been increasing in the last quarter of a 
century. The reduction of rickets, so 
common in the 1920’s, to a comparatively 
rare disease in England is cited as evidence of 


- the probable increased use of vitamin D 


preparations and the increased consumption 
of milk. However, the teeth of the children 
who were 5 years old in 1943 were formed 
mainly in the immediate prewar years and 
the first year of the war. More specific 
factors operating to improve the diets of 
these children and their mothers were, 
first, the cheap milk program inaugurated 
by the Milk Marketing Board in 1934 
whereby two thirds of a pint of milk was 
furnished at very low cost to all children, 
and, second, the wartime food policy which 
provided (1) priority on milk allowances to- 
gether with fruit juices and cod liver oil to 
pregnant and lactating women, to infants, 
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and to young children, (2) fortification of 
all margarine with vitamin A and D, and 
(3) the enrichment of bread with calcium 
carbonate. 

The authors recognize the hazard of 
attributing the improvement in dental 
health over a period of years to a con- 
comitant bettering of food habits when 
unquestionably many other influences have 
been brought to bear on child life in London 
during these years. They believe that the 
experimental evidence that tooth structure is 
controlled largely by adequate amounts of 
vitamin D, calcium, and phosphorus is so 
strong that the improvement in this respect 
can be reasonably adduced to changes in 
the dietary in the immediate prewar and 
early war period. Although investigation 
has indicated that children’s teeth of good 
structure are less likely to decay than those 
of poor structure, the reduction of caries 
observed in this study was greater than 
would be expected on the basis of improved 
structure alone. What other contributory 
factors, nutritional or otherwise, were 
operating cannot be assessed adequately. 

In itself, this study is open to the crit- 
icism that associated changes over a period 
of time do not necessarily signify a cause and 
effect relationship. However, it is bul- 
warked by the observations of Mellanby 
and others under controlled conditions 
indicating improvement in dental structure, 
and to a lesser degree a reduction in the 
incidence of caries, resulting from certain 
dietary factors. As such, it presents heart- 
ening evidence that some of the large-scale 
measures undertaken to improve the dietary 
habits of certain segments of the population 
can be expected to result in an improvement 
of dental health. At the same time the 
incidence of defective and decayed teeth > 
found in the second survey serves to em- 
phasize the magnitude of the problem of 
dental caries and the fact that these are only 
the first steps in attacking the problem, 
even though they seem to be in the right 
direction. 
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THE NUTRITION FOUNDATION 


The Nutrition Foundation was organized by manufacturers of the food industry to develop 

and support a comprehensive research and educational program in the science of nutrition. 
The Foundation functions chiefly through grants in support of research in university 
centers where there are strong graduate schools in the basic sciences. 
' To date, 94 grants have been made (as of December, 1944) to 42 institutions in the United 
States and Canada. The projects include studies of human requirements of specific nutri- 
ents (proteins, vitamins, minerals, etc.); the origins and functions of individual nutrients in 
living cells (sugars, fats, amino acids, etc.); public health problems in nutrition; maternal 
and infant nutrition; and nutrition studies related directly to the war. 

The quality and independence of the research program is safeguarded by the referee 
action and counsel of the Scientific Advisory Committee: 


F. G. Boupreau Lyp1a J. RoBerts 
Milbank Memorial Fund University of Chicago 
C. A. 
. W. C. Rose 
University of Wisconsin 
University of Illinois 
Children’s Fund of Michigan W.H. 
P. E, Howe National Institute of Health 
Surgeon General’s Office 
. 8S. Army 


H. C. SHermMan 
Columbia University 


L. A. MaYNnarp 

Cornell University V. P. SYDENSTRICKER ~ 
E. V, University of Georgia 
University F. F, Trspant 

Uniseretly of Rochester University of Toronto 
R. C. Newton R. R. Wriiiams 


Representative from industry Bell Telephone Laboratories 


The public service nature of the Foundation’s entire program is assured by the presence 
of distinguished representatives of the public on the Board of Trustees. 
The food and related manufacturers contributing to the Foundation include: 


FOUNDER MEMBERS: American Can Company, American Sugar Refining Co., Beech- 
Nut Packing Company, California Packing Co., Campbell Soup Co., The Coca-Cola Com- 
pany, Container Corporation of America, Continental Can Co., Inc., Corn Products Re- 
fining Co., General Foods Corporation, General Mills, Inc., H. J. Heinz Company, Libby, 
MeNeill & Libby, National Biscuit Company, National Dairy Products Corp., Owens- 
Illinois Glass Company, Pillsbury Flour Mills Co., The Quaker Oats Company, Safeway 
Stores, Inc., Standard Brands, Inc., Swift & Company, United Fruit Company. 


SUSTAINING MEMBERS: Abbotts Dairies, Inc., American Lecithin Co., Inc., Conti- 
nental Foods, Inc., The Crosse & Blackwell Co., Curtiss Candy Company, William Davies 
Company, R. B. Davis Company, P. Duff & Sons, Inc., Flako Products Corp., Gerber 
Products Company, Golden State Company, Ltd., Chr. Hansen’s Laboratory, Inc., Chas. 
B. Knox Gelatine Co., McCormick and Company, Minnesota Valley Canning Co., National 
Sugar Refining Co., Planters Nut & Chocolate Co., E. Pritchard, Inc., The Drackett Com- 
pany, George Weston Limited, Zinsmaster Baking Company. 


DONATIONS RECEIVED FROM: American Maize Products Company, Great Atlantic 
& Pacific Tea Company, Hawaiian Pineapple Company, Merck & Company, Penick & 
Ford Limited, Rath Packing Company, A. E. Staley Manufacturing Company. 


Officers of The Nutrition Foundation 


Kart T. Comprorx, Chairman of the Board of Trustees 
Geroree A. SLoan, President 

Cuarues Kina, Scientific Director 

Saurus, Executive Secretary 


The publication of NUTRITION REVIEWS has been undertaken to enable pro- 
fessionally trained people to keep abreast of current progress, and to have available 
an unbiased, authoritative review of the current research literature in the science 
of nutrition. 

The Editorial Staff has been carefully selected so that the publication will merit 
in reasonable degree, the confidence of the medical profession and others who work 
directly with the public in the field of nutrition. The service provided by the 
publication is distinct from that of an abstract journal, a review for laymen, or 
an extensive scientific review. Since the reviews a& originally prepared by a 
member of the Editorial Staff are frequently modified by special referees and may 
be further modified by the Editorial Office in preparing final copy for the press, 
the Editorial Committee feels that it is preferable not to affix the names of Edi- 
torial Staff members to individual reviews. There is thus. high degree of group 
responsibility on the part of the Editor and Assistant Editors. 
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